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ABSTRACT 
In children, the ratio of forced expiratory volume in 1 second (FEV1) and forced vital 
capacity (FVC) reportedly is constant or falls linearly with age, while the ratio of residual 
volume (RV) and total lung capacity (TLC) remains constant. This seems counter-intuitive 
given the changes in airway properties, body proportions, thoracic shape and respiratory 
muscle function that occur during growth. We studied the age dependence of lung volumes, 
FEV1/FVC and RV/TLC in children worldwide. 
 Spirometric data were available on 22,412 healthy youths (51.4% males) aged 4-20 years 
from 15 centres, data on RV and TLC on 2,253 youths (56.7% males) from 4 centres; three 
sets included sitting height (SH). Data were fitted as a function of age, height and SH.  
 In childhood FVC outgrows TLC and FEV1 leading to falls in FEV1/FVC and RV/TLC; 
these trends are reversed in adolescence. Taking into account SH materially reduces 
differences in pulmonary function within and between ethnic groups. The highest FEV1/FVC 
ratios occur in those shortest for age. 
 When interpreting lung function test results, the changing pattern in FEV1/FVC and 
RV/TLC needs to be considered. Prediction equations for children and adolescents should 
take into account  sex, height, age, ethnic group, and ideally also sitting height. 
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INTRODUCTION 
It is generally accepted that the ratio of forced expiratory volume in 1 second (FEV1) to 
forced vital capacity (FVC), the established index for diagnosing airway obstruction, 
decreases from childhood to old age [1-2]; indeed, it has been shown that infants have larger 
middle and peripheral airway sizes than are obtained from the proportional downscaling of 
the adult lung [3], and that lung volumes increase more rapidly than airway calibre in early 
life [4]. It has also been suggested that the FEV1/FVC ratio falls with both increasing age and 
body height [5-8]. 
 
Unlike adulthood, childhood and adolescence represent a period of growth of lung volumes 
and forced ventilatory flows rather than decay. This growth phase is associated with 
significant changes in alveolar number and size, the shape and stiffness of the thorax, and in 
muscular strength [9-15]. This potentially affects the total lung capacity (TLC) as well as the 
FVC, whereas the development of flows, and hence FEV1, is co-determined by airway calibre 
and the elastic properties of lungs and airways. Thus airway properties, thoracic growth, 
changes in the mechanical properties of the chest cage and muscular strength interact from 
birth to early adulthood. During the adolescent growth spurt, this is associated with 
differences in the timing and rate of growth of lung volumes, flows and body dimensions [16-
18]. It therefore seems counterintuitive that the FEV1/FVC ratio during childhood and 
adolescence should fall linearly with age or height [1-2] as it does in adults, or that the ratio 
of residual volume (RV) to TLC should remain constant [19].  

In the framework of the Global Lung Initiative (www.lungfunction.org) we examined 
cross-sectional FEV1, FVC and the FEV1/FVC ratio between 4-20 years of age in boys and 
girls from various parts of the world, and noted a hitherto unknown curvilinear pattern in the 
latter. This prompted us to examine whether this was an artefact arising from collating data 
from different sources  and, if not, to elucidate possible underlying physiological 
mechanisms. A unifying mechanism should apply across ethnic groups; therefore we studied 
whether patterns differed according to ethnic origin. To obtain a more complete picture of 
lung growth and subdivisions of lung volumes, we also included available data to describe 
developmental changes in RV, TLC and the RV/TLC ratio (an index of potential 
disproportional growth of the vital capacity and the total lung capacity). 

 
METHODS  
Sitting height 
In three studies sitting height was measured either by using a Holtain (Crmwych, UK) sitting 
stadiometer, or while the subject was seated on a stool placed closely against a wall to which 
a measuring tape was fixed, with knees flexed at 90° and flush with the edge of the table or 
stool on which they sat. The face was gently lifted so that the lower orbital level and the 
external auditory meatus were level.  
 
Spirometry 
Data from healthy children and adolescents who had been studied in the Netherlands [20-21], 
North America (Caucasians, African-Americans and Mexican-Americans) [22], England 
[8,23], Germany and Austria [24], Mexico City [6], Iran [7], Oman [25], India [26], Tunisia 
[27], Hong Kong [28] and Australia were collated. All studies had received ethical approval 
from the appropriate governing bodies and data were collected after informed written consent 
had been obtained from parents and, where appropriate, the subjects themselves. With the 
exception of the Australian data (yet to be published), details regarding the selection of 
subjects, type of equipment used and derivation of summary statistics for FEV1 and FVC 
have been described previously [6-8,20-28]. All data were derived from children without 
history of current or past respiratory disease, and all were lifelong non-smokers. At least three 
technically acceptable forced vital capacity manoeuvres were obtained, and the largest FEV1 



as well as the largest FVC were reported. The studies complied with guidelines valid at the 
time of each study [29-32]. The public NHANES III dataset used the ATS-1987 standards; 
John Hankinson recalculated the values for the 1994 standards. 

Published data from one study [8] had been limited to individuals 16 years and older; they 
were complemented with those in the 7-16 year age range that had been collected in the same 
study using the same protocol and techniques. Three studies comprised longitudinal 
observations; in one of them [21] a cross-section was constructed by selecting only the first 
measurement, in the other two [16,24] by selecting a single record from a person's available 
measurements so that the new cross-sectional dataset had an age distribution that was similar 
to the original dataset. 
 
Lung volumes 
Four studies were available with data on residual volume (RV) and total lung capacity (TLC). 
Details of three studies have been published [17,33-34]. Three studies were performed in a 
whole body plethysmograph, the remaining one by forced rebreathing using nitrogen as the 
indicator gas [35-36]. In each study children were free from recent acute or chronic 
conditions. In the study of Rosenthal et al. [33] only data from Caucasian subjects were 
analysed. In Australian children, data were collected in a body plethysmograph 
(SensorMedics, Vmax AutoBox; Yorba Linda, USA) according to ECCS/ERS standards [30]; 
the functional residual capacity (FRC) was the average of acceptable data, the TLC = FRC + 
largest inspiratory capacity, and RV = TLC - largest slow expiratory vital capacity. Data were 
collected in a linked fashion: tidal breathing, occlusion with panting, inhalation to TLC and 
exhalation to RV. 
 
Statistical analysis 
Prior to analysis, data were checked for transcription errors, improbable values and obvious 
outliers. As nearly all studies had previously been published there were very few errors 
(<<1%). Lung function indices were modelled separately in boys and girls as a function of 
age, height, sitting height when available, and centre of data collection. The model needs to 
allow for smooth changes across the age range, removing sampling and measurement errors. 
We used generalized additive modelling of location, scale and shape (GAMLSS) [37]. This 
technique offers a choice of distributions, and allows modelling the median, the coefficient of 
variation and skewness using cubic smoothing splines. In addition it allows modelling 
additive and multiplicative relationships. All models were fitted using the package GAMLSS 
[38] in R (version 2.9.1) [39] as described by Cole [40] and recently applied to spirometry 
reference range data [5]. Further details of the statistical methodology are provided in an 
online data supplement (OLS).  
 

RESULTS 
Complete data for age, height, FEV1, FVC and FEV1/FVC were available for 11,656 boys 
and 10,744 girls. Table 1 provides a breakdown by age of the number of individuals.  Data on 
height, RV and TLC were available for 1,278 boys and 975 girls (Table 2). Data on sitting 
height were available for children from Hong Kong, England (centre EN2) and India for 
2,396 boys and 1,771 girls.  
 
Anthropometry 
Details of the modelling can be found in the OLS. There were small differences in median 
height between Caucasian children of European descent, who were on average taller than 
those in Hong Kong, India, Iran, Oman and Tunisia (Table 3). The largest differences 
occurred in boys; thus at 14 years, median height in Asian Indian boys was 154.5 cm 
compared to 167.4 cm in American boys; for girls this equated to 154.4 and 162.1 cm, 



respectively. Indian boys and girls had been classified according to socioeconomic index; 
details are given in the OLS. 
 At all ages the sitting height/height ratio (SH ratio) was higher in Chinese than in English 
children, and lowest in Asian Indian children (Figure 1). 
 
Spirometry 
Collated data. Overall the FVC in girls was 6.9% smaller than in boys, the FEV1 5.0% 
smaller, and the FEV1/FVC ratio 1.9% larger. In each of the 15 datasets FEV1/FVC was 
related to age and height, in both boys and girls. The FEV1/FVC fell from early childhood to 
the age associated with the start of the adolescent growth spurt, and then increased again. The 
median FEV1/FVC in boys fell from approximately 0.96 at 5 years to 0.87 at 11 years, before 
stabilising at around 0.89 during the teenage years, with a similar pattern in girls (0.96, 0.89 
and 0.91, respectively). In Caucasian boys corresponding figures were 0.90, 0.86 and 0.87, 
respectively, and in girls 0.92, 0.88 and 0.90, respectively. The curvilinear pattern of 
FEV1/FVC was apparent in the great majority of the data from different centres (Figure 
2).The pattern for the SH ratio in each dataset, shown for children from Hong Kong in Figure 
3, was similar as for FEV1/FVC. The nadir of the curve lagged the FEV1/FVC ratio by 1-2 
years, and occurred 1 year later in boys than in girls.  
 
Differences between centres. The levels of FEV1 and FVC between centres, adjusted for age 
and height, differed significantly in both boys and girls (Table 3). Children in Mexico were 
exceptional in that a small standing height was not associated with a low FEV1 and FVC. The 
average FEV1/FVC ratio was 0.02-0.06 higher in boys from Hong Kong, India, Iran and 
Mexico; in girls this was 0.02-0.07, respectively (Table 3). The FVC (but not the FEV1) was 
lowest (p < 0.005), and the FEV1/FVC ratio highest (p < 0.001) in children who were shortest 
for age (Figure E3 in OLS). In 13 out of 30 analyses the ratio was significantly different (p < 
0.01) from that in American Caucasians (US1 dataset), an arbitrarily selected comparison 
group.  
 
Sitting height.  Data on sitting height were available in children from Hong Kong, India and 
England. Within datasets, differences between individuals in FEV1 and FVC (in girls and in 
Indian boys), but not in FEV1/FVC, were reduced by taking the SH or SH ratio into account 
over and above the effects of height and age (see OLS). The same was found in the pooled 
data, where taking SH or the SH ratio into account reduced differences in FEV1 and FVC 
between individuals. 
 
Lung volumes 
TLC was a function of sex, age and height. After adjustment for age and height, the TLC was 
8% larger in boys than in girls, and 4.4% larger in Caucasian than in Chinese children. In 
Chinese children and in English girls, including the SH or SH ratio significantly improved the 
fit to the data (see OLS). The RV/TLC ratio was independent of the SH ratio. Until 
adolescence, the FEV1 increased proportionally more than the TLC; conversely the RV/TLC 
ratios fell until the start of adolescence, and then rose (Figure 4).  
 
Comparison with other prediction equations 
Figure 5 shows predicted values in whites for FEV1/FVC from the present study, constructed 
using median height for age, compared with recent equations from  Hankinson (1999), 
Kivastik (2001), Quanjer (1995), Rosenthal (1993) and Wang (1993) (equations to be found 
in ref. 2). One set (Wang) has a pattern very similar to that in the present study. Particularly 
in the oldest boys predicted values tend to be 3-5% higher than those recommended for use in 
the USA (Hankinson) and in Great Britain (Rosenthal). 
 



DISCUSSION 
Spirometry and lung volumes. As the lungs and airways grow during childhood and 
adolescence, the FVC increases proportionately more than the FEV1 until about the start of 
the adolescent growth spurt. In Caucasian boys this leads, on average, to a fall in FEV1/FVC 
ratio from 0.90 at age 5 to 0.86 at age 11, followed by a rise to 0.87 in adolescence; in girls 
this ratio was consistently 0.03 higher (Figure 4). This pattern was observed in most datasets 
(Figure 2) and therefore cannot be simply attributed to an artefact arising from the collation 
of different datasets. We further confirm findings from the literature (see [41] and references 
therein), and demonstrate that throughout childhood and adolescence boys have 7%-8% 
larger lungs, but girls have faster lung emptying rates (shorter expiratory time constants) 
judged from the FEV1/FVC ratio.  The RV/TLC ratio showed a similar curvilinear pattern as 
FEV1/FVC (Figure 4). These novel findings illustrate that initially the FVC increases 
proportionally more than the TLC and FEV1, and then proportionally less from about the start 
of the adolescent growth spurt. During that same period the FEV1 first increases faster than 
the TLC, and subsequently more slowly (Figure 4). The sitting /standing height ratio shows 
the same pattern but is out of phase by 1-2 years (Figure 3). In keeping with the earlier onset 
of the adolescent growth spurt in girls [16-18], the pattern in boys is shifted by 1-2 years 
(Figure 3). These findings show that the development of the FEV1, FVC and TLC are 
governed by different mechanisms during growth and maturation.  

The simplest explanation for these findings is that young children lack the coordination to 
deliver a full vital capacity, so that they inhale insufficiently or terminate the expiratory effort 
prematurely, often in one second or less. However, children have been shown to be capable 
of performing acceptable FVC manoeuvres [42-43], and the results obtained for this analysis 
were regarded as acceptable by experienced professionals. Moreover, these findings are 
biologically plausible if we take into account the normal growth of lungs and chest. During 
the first years of life both the number and size of alveoli increase, which are likely to lead to a 
faster increase in lung volume [3-4] than in airway calibre [41,44]. Thus FEV1/FVC and 
RV/TLC ratios will fall in early childhood. Maximum respiratory pressures increase with age 
in schoolchildren [9-10], but not in adolescents [11], and they are higher in boys than in girls. 
The increasing inspiratory and expiratory pressures will increase the vital capacity at the 
expense of RV. Also, the greater pressure generated by boys explains, at least in part, the 
difference in vital capacity, and hence in FEV1/FVC and RV/TLC ratios between boys and 
girls.  
 
Changes in the chest cage during growth. Significant changes occur in the configuration of 
the thorax (Figure E2 in OLS). From infancy to early adult life there is progressive drooping 
of the thoracic cage, the sternum and sternal ends of the ribs taking up lower positions 
relative to the vertebrae; also the level of the domes of the diaphragm descends to below the 
anterior end of the fifth rib [12,15]. The thorax becomes elongated and more slender as 
thoracic width increases proportionately less than height. In boys thoracic width and height 
still increase during adolescence; in girls this is limited to lung height [13,14], leaving the 
adolescent girl�s chest more slender than in boys. Thus the functional and morphological 
changes, which near completion at the start of puberty, contribute to developing a 
proportionately larger vital capacity from childhood to the adolescent growth spurt. 
Subsequently the gradual stiffening of the respiratory system between birth and 18 years [45] 
starts to limit full expirations. 
 
Anthropometry and ethnicity. Differences in lung volumes in persons of the same height can 
be accounted for by differences in chest dimensions, as partially reflected in the SH ratio; in 
two recent studies ethnic differences in lung function were thus reduced by up to 50%  after 
accounting for SH [46-47]. In the present study in ethnically homogeneous groups, taking the 
SH ratio in addition to age and height into account consistently reduced differences in 



pulmonary function between girls; in boys the findings were less consistent (see OLS). In 
mixed ethnic groups taking account of the SH or SH ratio led to a pronounced improvement 
in the fit to the data. By contrast, any differences in the SH-ratio between individuals are 
cancelled out when pulmonary function indices are expressed as ratios, the FEV1/FVC and 
RV/TLC ratios being solely dependent on sex, age and height. 

In early childhood the trunk grows proportionately less than the legs (Figures 1 and 2) so 
that lung growth is less than expected from the increase in height. Conversely, during 
adolescence growth in standing height is associated with a rising SH ratio, hence the rise in 
lung volumes at this age is bound to be larger than predicted from height alone. Therefore 
standing height alone cannot satisfactorily predict lung volumes; adding age, and in many 
cases also the SH ratio, reduced this effect.  
 If ethnic differences in FEV1 and FVC are proportional, the FEV1/FVC ratio should 
be the same for different ethnic groups. However, children from India, Iran, Mexico and 
Oman were systematically shorter than Caucasians and yet had the highest FEV1/FVC ratios 
(Table 3, Figure E3 in OLS). This may well reflect differences in developmental age between 
populations [48] and/or nutritional status; data on pubertal stage were unavailable and we 
therefore cannot estimate how much this may have contributed to observed differences.  We 
have, however, previously reported that the multiplicative modelling of height and age can 
act as a proxy for puberty, in that those children that are short for their age (and have 
generally not gone through puberty) will have lower predicted values of FVC and hence 
FEV1/FVC [5,49]. Asian Indian children with the lowest socioeconomic index, whose short 
stature and low BMI were evidence of stunted growth (see OLS for details), on average 
produced the highest FEV1/FVC ratios. The FEV1 is a time-averaged flow which is for the 
most part governed by airway calibre and the elastic properties of lungs and airways [50], and 
is therefore only indirectly affected by factors that limit lung expansion. All this is 
compatible with our finding that shorter stature, whether due to differences in the age of onset 
of maturation or stunted growth, affects the vital capacity disproportionately (Figure 4).  
 
This study was not undertaken to derive prediction equations, or to analyse differences due to 
technical or procedural factors. Such differences may account for some of the differences 
observed between centres. However, the availability of data from many centres and ethnic 
groups provided a unique opportunity to study patterns of lung growth in various parts of the 
world, rather than absolute level of pulmonary function, as is more commonly reported. Even 
if the quality of measurements between centres differed, the consistent pattern is strong 
evidence of an underlying physiological mechanism. As in Stanojevic�s study [5], with the 
exception of English children, Caucasian children from different centres produced a higher 
FEV1 and FVC than their American counterparts (Table 3). Mexican children produced 
relatively large volumes (Table 3), possibly because they were born and raised at an altitude 
of 2,240 m [51]. In spite of comparable TLCs for height and age between children from Hong 
Kong, Australia, the Netherlands and England, the RV/TLC ratio was appreciably smaller in 
Australian youths who had a larger vital capacity, for which we have no explanation.   
 
We conclude that the use of appropriate modelling techniques discloses that the FEV1/FVC 
and RV/TLC ratios follow a curvilinear pattern from childhood to adulthood. This can be 
explained by differences in the development of airway properties, body dimensions, chest 
shape and respiratory muscle function during growth; these first facilitate growth of the FVC 
relative to the FEV1 and TLC, but limit its growth during adolescence. Thus the FEV1/FVC 
ratio in Caucasian children falls by about 5% in childhood, and then increases by about 2% 
during adolescence. These findings are quite different from those in commonly used 
prediction equations and therefore have bearing on the interpretation of pulmonary function 
test results in children and adolescents (Figure 5). Future studies of predicted values, such as 
the Global Lung Initiative (www.lungfunction.org), should consider these important age 



related changes. Taking into account sitting height diminishes differences between 
individuals, particularly in ethnically mixed groups, has rarely been undertaken in the past. 
Secular trends in body dimensions [52-53] potentially affect thoracic dimensions, and may 
alter findings in the offspring of different ethnic groups, thus leading to secular trends in 
pulmonary function [28]; more research is required to identify variables that can be easily 
measured in a clinical setting, reflecting body shape, proportions and composition that help 
explain differences between subjects, and obviate the need for ethnic-specific reference 
equations. 
 



Table 1 � Numbers of boys and girls, by age group, with data on FEV1, FVC and FEV1/FVC. 
 
Boys 
     Country 
Age Cauc.  HK IN IR MX OM TN US2 US3 Total 
4-6 166 2 272 44 1 10 3 0 0 498 
7-8 1075 30 397 166 253 46 121 44 44 2176 
9-10 1325 63 298 95 695 92 123 125 102 2918 
11-12 1009 81 295 94 308 62 102 115 119 2185 
13-14 533 103 293 84 323 45 38 86 96 1601 
15-16 529 79 0 139 218 78 1 131 125 1300 
17-18 252 34 0 109 170 57 0 69 48 739 
19-20 57 0 0 45 83 5 0 17 32 239 
Total 4946 392 1555 776 2051 395 388 587 566 11656 
 
Girls 
     Country 
Age Cauc. HK IN IR MX OM TN US2 US3 Total 
4-6 117 0 185 38 0 10 6 0 0 356 
7-8 1110 50 262 74 288 54 104 43 51 2036 
9-10 1435 72 206 64 594 60 133 123 86 2773 
11-12 957 69 201 59 276 49 78 126 114 1929 
13-14 423 105 141 75 295 92 45 113 112 1401 
15-16 426 93 0 111 241 120 7 151 135 1284 
17-18 177 68 0 86 178 83 0 79 61 732 
19-20 64 4 0 33 60 6 0 39 27 233 
Total 4709 461 995 540 1932 474 373 674 586 10744 
 
Footnote:  
Cauc. = Caucasian, comprising: AU = Australia; EN1 = England  [8], EN2 = England [23], G & A = 
Germany and Austria [24],  NL1 = Netherlands [20], NL2 = Netherlands [21] and US1 = USA 
Caucasians [22]; HK = Hong Kong [28]; IN = India [26]; IR = Iran [7]; MX = Mexico [6]; OM = 
Oman [25]; TN = Tunisia [27]; US2 = African-Americans [22];  US3 = Mexican-Americans [22]. 
Breakdown by age for Caucasians is available in the OLS. 



 
Table 2 � Age distribution of boys and girls with data on RV and TLC. 
 
  Boys  Girls 

Age 
(yr) 

AU EN2 HK NL1 Total AU EN2 HK NL1 Total

4-6 1 77 2 0 80 2 24 0 0 26 
7-8 8 47 29 0 84 9 68 41 0 118 
9-10 10 15 62 0 87 8 64 77 0 149 
11-12 17 97 79 47 240 18 71 70 15 174 
13-14 15 84 102 104 305 15 35 105 32 187 
15-16 11 90 84 117 302 17 32 91 40 180 
17-18 3 39 34 97 173 4 15 69 42 130 

19 0 0 0 7 7 1 0 7 3 11 
Total 65 449 392 372 1278 74 309 460 132 975 

 
Footnote: RV = residual volume; TLC = total lung capacity. AU = Australia ; EN2 = 
England [33] ; HK = Hong Kong [34] ; NL1 = Netherlands [17]. 
 



Table 3 � Differences between populations in the median values, adjusted for age and 
height, for various indices. All data are compared to US Caucasians (US1) [22]. 
 Boys Girls 
Country Heigh

t (%) 
FEV1  
(%) 

FVC  
(%) 

FEV1/F
VC 
(%) 

Heigh
t (%) 

FEV1  
(%) 

FVC  
(%) 

FEV1/F
VC 
(%) 

AU 1.7 2.7 4.3* -1. 7 1.1 3.5* 6.3* -2.4 
EN1 -0.8* -0.5 -0.2 0. 4 -0.6 0.0 1.0 -0.1 
EN2 -0.9* -3.6* -1.0 -1. 4* -0.2 -4. 3* -4.0* 0.1 

G & A 0.1 1.6* 1.9* -0.1 0.2 1.9 2.1* -0.4 
NL1 0.7 3.7* 3.7* 0.1 2.1* 3.2 1.0 0.9 
NL2 1.2* 2.4* 0.7 1.3* 1.0* 1.7* 0.4 0.7 
HK -2.1* -4.5* -8.1* 3.9* -2.2* -6.2* -9.9* 3.7* 

IN -5.7* -
15.4* 

-
21.3* 7.4* -5.6* -

20.2* -25.2* 6.4* 

IR -4.0* 1.7 * -1.7 3.1* -3.1* 1.5 -0.4 1.5* 
TN -1.9* -2.4* -3.8* 0.8 -2.0* -3.0* -2.6* -0. 7 

OM -5.4* -8.2* -8.1* 0.7 -4.4* -
10.9* -12.2* 1.7* 

MX -3.6* 10.3* 8.2 2.3* -3.4* 7.8* 6.6* 1.4* 

US2 -0.2 -
13.5* 

-
14.9* 1.5* 0.7* -

12.8* -13.5* 0.9 

US3 -2.7* 4.1* 2.9* 1.7* -2.4* 2.5* 1.5 1.0 
 
Footnote : Country codes as in table 1. US2 = African-American [22]; US3 = 
Mexican-American [22]. * significantly different (p < 0.01) from American Caucasian 
children [22]. For height, FEV1, FVC and for FEV1/FVC proportional differences are 
shown. Thus if predicted FEV1/FVC for an American white boy is 0.85, it is 1.015 * 
0.85 = 0.86 in an African-American child.
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Figure 1 � Median values for the ratio of sitting height to height as a function of age 
in English (EN), Asian Indian (IN) and Hong Kong (HK) boys (bold lines) and girls 
(thin lines). 

 
 
 
 

Figure 2 � Median FEV1/FVC ratios in 15 datasets (thin lines). The most irregular 
patterns occurred in the smallest datasets. Smooth lines were interpolated between 
points. The bold solid line represents the median for the 15 datasets, interrupted lines 
for Caucasian and other children, respectively. 

 
 
 
 



Figure 3 � Median FEV1/FVC and sitting height/height ratio as a function of age in 
children from Hong Kong [28]. The same pattern was observed in data from England 
[33] and India [26].  Smooth curves were obtained using cubic splines. 
 

 
 

 
Figure 4 � Cross-sectional FEV1 relative to FVC and TLC, and of RV relative to 
TLC, in Caucasian children (886 boys, 515 girls) from Australia, the Netherlands 
[17,20] and England [33]. 
 

 
 

 
 
 
 
 



Figure 5 � Comparison between FEV1/FVC according to present analysis (bold line) 
and according to Hankinson (H), Kivastik (K), Quanjer (Q), Rosenthal (R) and Wang 
(W) (prediction equations in ref. 2). 
 

 


